findings suggest that chimps understood the experimenters' lack of knowledge about their choices and thus based their choice of experimenter upon the proportion of peanuts in each container.
In a final experiment, chimpanzees observed both Person A and Person B select favored food items. However, the conditions under which selection was made differed. Person A chose without looking from a container holding 100 favored items and 10 non-favored items, while Person B viewed and selected favored items from a container holding 10 favored items and 100 non-favored items. Thus, Person B demonstrated a deliberate preference for the favored food, but Person A appeared to select the favored food through statistical probability. Importantly, chimps should favor offerings from both experimenters equally if they were simply forming person-reward associations because both experimenters had given equal numbers of the favored item. When now tested for preference between the two experimenters when they took samples from identical containers that held 55 favored and 55 non-favored items, chimps showed a significant preference (65%) for Person B. Thus, chimpanzees favored the person who had shown knowledge of which items she was selecting from the container.
Chimpanzees integrated three kinds of information to perform successfully in these experiments. First, they showed statistical reasoning by understanding that the probability of receiving a favored food item was higher when it was drawn randomly from a population containing a higher proportion of that item. Second, they understood that random sampling could be overridden by a person's preference for one item over another. Finally, they understood that a person could only indulge her preference for a favored item if she could see and thus know which item she was selecting. These exciting new findings significantly advance our knowledge about reasoning processes in our closest evolutionary relative.
Formation of a transport vesicle in membrane trafficking pathways requires deformation of the membrane to form a highly curved structure. A recent study reveals a crucial function for the conical lipid lysophosphatidylinositol in reducing the bending rigidity of the membrane during COPII vesicle budding in the early secretory pathway.
Secreted and membrane proteins make up approximately one third of the human proteome. These proteins, which include hormones and cell surface receptors, are all transported through the secretory pathway. After synthesis on ribosomes docked to the endoplasmic reticulum (ER), and translocation into the membrane or lumen of the ER, secretory proteins are packaged into vesicles coated by the COPII complex at specialized sites on the ER referred to as ER exit sites [1] . From here, secretory cargo molecules begin their journey through various stations along the secretory pathway, notably the Golgi apparatus, until they reach their final destination. COPII vesicle formation is therefore crucial to the functioning of eukaryotic cells and organisms. Although much attention has been directed towards identifying the proteins involved in COPII vesicle budding, the key roles of membrane lipids and the biophysical properties of membranes have also emerged as important contributors. A study reported in this issue of Current Biology by Melero et al. [2] provides exciting new information on the lipid requirements for COPII vesicle formation, identifying lysophosphatidylinositol (lysoPI) as a new component that confers higher flexibility on the ER membrane, thus facilitating the budding process.
The story starts with a puzzling genetic result in yeast. Sec12 encodes the only known activator for the small G protein Sar1 and is essential for Sar1 to bind tightly to the ER membrane and to recruit the COPII coat [3,4] ( Figure 1 ). On the membrane surface, COPII mediates both membrane deformation and cargo selection [2] . The temperature-sensitive mutation sec12-4 is able to grow at low temperatures, but not at non-permissive temperatures of 33 C or higher, due to missense mutations in the SEC12 gene [5] . Funato and collaborators [6] found that the phenotype of the sec12-4 mutant could be rescued by the simultaneous deletion of three lipid transfer proteins, Osh2, Osh3 and Osh4. These transfer proteins all have in common the capacity to transfer phosphatidylinositol 4-phosphate (PI4P) from organelles such as the Golgi to the ER, where it is converted to phosphatidylinositol (PI) [7, 8] , but their connection to Sec12 and Sar1 was not at all obvious. The first breakthrough in solving the puzzle came from lipidomics analysis of the quadruple osh2D osh3D osh4D sec12-4 mutant. Melero et al. [2] found that lysoPI levels were significantly higher in this mutant than in the sec12-4 mutant.
The majority of phospholipids that make up cellular membranes have two fatty acyl side chains linked to the glycerol backbone, whereas the lysophospholipids have only a single acyl chain (Figure 1 ). They are often produced by specific phospholipases that remove one acyl chain from a membrane glycerophospholipid [9] . For example, phospholipase A2 enzymes remove the acyl side chain at the sn-2 position (notably arachidonic acid) from plasma membrane phospholipids to produce lysophosphatidylcholine, lysophosphatidic acid and lysoPI, signaling molecules with key functions in cell division, cell migration, apoptosis and inflammation [10] . In the ER, PI serves as the substrate for lysoPI in a reaction Figure 1 . COPII vesicle budding facilitated by production of lysophosphatidylinositol, which decreases the bending rigidity of the membrane.
(A) Formation of a COPII vesicle begins with activation of the small G protein Sar1 upon GTP-GDP exchange catalyzed by Sec12. Sar1-GTP then recruits the COPII coat subunits Sec23 and Sec24 to membranes, followed by the Sec13-Sec31 complex, to form the complete COPII coat. Plb3 produces lysophosphatidylinositol (lysoPI), a conical lipid, from phosphatidylinositol (PI). The presence of lysoPI in the membrane facilitates deformation into a bud by COPII. (B) In the sec12-4 mutant, Sec12 function is abolished or severely inhibited at the non-permissive temperature, preventing exchange of GDP for GTP on Sar1, and blocking COPII vesicle formation. (C) When Plb3 is overexpressed in the sec12-4 mutant, the increased level of lysoPI in the membrane increases its flexibility, and the small amount of Sar1-GTP formed upon Sar1-GDP association with the membrane is sufficient to allow recruitment of COPII and deformation of the membrane to form a COPII bud.
Current Biology 28, R695-R717, June 18, 2018 R707 Current Biology Dispatches carried out by the phospholipase B enzymes Plb1, 2 and 3 in yeast [11] . Lysophospholipids are generally of low abundance in cells, in part because they are often produced only as transient intermediates in acyl chain remodeling, where one acyl chain is removed and replaced by another one differing in length or level of saturation [9] .
Melero et al. [2] found that overexpression of the phospholipase B Plb3 in sec12-4 mutants indeed led to increased lysoPI levels, and also suppressed the temperature-sensitive growth and secretion defects of the sec12-4 mutant. The effect was highly specific, with Plb3 having no suppressive effect on 14 other early secretory pathway temperature-sensitive mutants. Consistent with a severe defect in COPII vesicle production, the number of ER exit sites was dramatically reduced in the sec12-4 mutant at the non-permissive temperature, but remarkably was restored by Plb3 overexpression. These results are consistent with the idea that increased lysoPI levels could restore the functioning of ER exit sites in the production of COPII vesicles despite the absence of Sar1 activation. However, the mechanism by which lysoPI could bypass Sar1 activation was mysterious.
Using microsomes isolated from cells, Melero et al. [2] found an enrichment of lysoPI in COPII vesicles, suggesting a role for this lipid in the formation or functioning of these vesicles. Previous work had shown that lysophospholipids could decrease the rigidity of liposomes in vitro [12] . Melero et al. tested the effect of adding lysoPI to giant unilamellar vesicles (GUVs) and found indeed that there was a significant decrease in bending rigidity. They also found an increase in binding of Sar1 and the COPII coat to membranes when lysoPI was added to GUVs. Binding of Sar1 was only increased in the presence of other COPII coat subunits (Sec23 and Sec24), indicating cooperative effects. In the absence of lysoPI, Sar1 bound to a non-hydrolyzable GTP analogue (GMP-PNP) was required to maintain detectable levels of COPII on the GUV surface, consistent with GDP-GTP exchange being a prerequisite for Sar1 binding to membranes. However, increased levels of lysoPI enabled detectable binding of Sar1 to membranes without GMP-PNP to lock it in the GTP-bound conformation. That the GDP-bound form of Sar1 could associate weakly with membranes in vitro had been shown previously [13] , and together with the results of Melero et al. help to explain the results from sec12-4 suppression. Without Sec12 function, Sar1 remains in the GDP-bound form, but if lysoPI levels in the ER membrane are high enough, Sar1-GDP can bind (Figure 1 ). Probably there is enough spontaneous exchange (or sec12-4 has enough residual activity) that a small amount of Sar1-GTP forms on the membrane, where it can recruit the COPII coat. The cooperative effect of increased binding of Sar1 to membranes in the presence of other COPII subunits probably contributes to the rescue of Sec12 deficiency by increased lysoPI levels. Interestingly, it has been shown that Sar1 itself (specifically its aminoterminal amphipathic helix) inserted into liposomes reduces their bending rigidity [14] , which could contribute to the observed suppression of low Sar1-GTP levels by lysoPI, simply by providing an alternative route to lowering membrane rigidity. These results together indicate that increasing the flexibility of the ER membrane is an important and unsuspected requirement for COPII vesicle budding.
Going back to the starting point for this study, we can ask how the simultaneous deletion of three lipid transfer proteinsOsh2, Osh3 and Osh4 -leads to the accumulation of lysoPI. One of these transporters, Osh4, has been shown to act as a counter-exchanger that transports cholesterol out of the ER to the late Golgi, then transfers PI4P back from the Golgi to the ER, where the Sac1 phosphatase converts it to PI [8] . How this shuttle impacts production of lysoPI, and membrane rigidity, and in what manner the two pathways might be co-regulated, are now important questions to address.
One of the questions raised by the Melero study is how lysoPI is concentrated in COPII vesicles. Given the highly conical shape of the lysoPI species enriched in these vesicles, one possibility is that curvature-based sorting into the highly curved bud and vesicle membrane is responsible. However, studies to date do not support this mechanism [15, 16] . An intriguing possibility is that phospholipases such as Plb3 are spatially localized such that lysophospholipids are specifically produced at sites of COPII budding. The level of lysoPI and hence level of rigidity of the membrane could be regulated by controlling the localization or activity of these enzymes. Under stress conditions that lead to lower activity of Sec12, the capacity of lysoPI to suppress the effects on COPII vesicle formation could be an important survival strategy.
Given the evolutionary conservation of the components involved, it is very likely that lysophospholipid-mediated membrane flexibility during COPII vesicle budding will be found to occur in other organisms, including humans. If so, how this mechanism is regulated in different cell types, for example in the formation of large COPII vesicles containing collagen or chylomicrons [17, 18] , promises to be a fruitful area to explore. In mammalian cells, a phospholipase A1 enzyme that produces lysophosphatidic acid has been identified as a binding partner of COPII subunits and localizes to ER exit sites [19, 20] . In addition to the possibility that orthologues of Plb3 exist in mammalian cells, it will be interesting to explore the role of lysophosphatidic acid and other lysophospholipids in modulating membrane rigidity during vesicle formation. In conclusion, this work is a step forward in our understanding of the fundamental mechanisms by which COPII vesicles form, providing new information on how cells sculpt membranes during membrane trafficking.
When one eye does not function well during development, the visual cortex becomes less responsive to it and visual acuity declines. New research suggests that reduced response strength and deteriorating acuity occur in separate circuits. You see a rare bird outside at dusk and you quickly make a picture of it using your smartphone. After zooming into the image to identify the bird, you notice it looks like a pixilated blob. All detail is lost in the grainy image. Clearly, resolution and signal strength go hand in hand. But this relationship is not absolute. Increasing the brightness of the image will not improve the resolution, and if you were to reduce the brightness of an image you took on a sunny day, the resolution would remain high. The visual cortex of someone with amblyopia processes the input from the lazy eye like the cheap camera in your smartphone at dusk: both acuity and signal strength are low. A new study by Stephany et al. [1] , reported in this issue of Current Biology, shows that surprisingly, these two issues seem to arise in separate circuitries of the visual system.
In some children the two eyes process visual information differently, because of a large difference in the refractive power between the eyes, a cataract in one eye or strabismus (cross-eyedness). In such cases, the visual system will learn to ignore the eye providing the least reliable information. This condition is known as amblyopia or lazy eye. Before glasses or surgeries to correct eye position were invented, this made sense. Why waste energy on processing unreliable visual information? And when you are attacked by a hungry lion, you do not want to lose time deciding which of the two perceived
